I
ntrauterine growth retardation is associated with the development of abnormalities in glucose tolerance in adulthood (1,2). Studies in adults and children born small for gestational age (SGA) (3-7) indicate that insulin resistance is the earliest component associated with low birth weight, irrespective of confounding factors, including obesity (8) and a family history of type 2 diabetes.
In SGA children, the typical central fat accumulation may actively contribute to insulin resistance (9) . Visceral fat and fatty liver represent special depots of ectopic fat, independently associated with insulin resistance (10 -12) . In the liver, hepatic triglyceride accumulation characterizes nonalcoholic fatty liver disease (NAFLD), a highly prevalent and potentially progressive condition in adults, now considered the hepatic expression of the metabolic syndrome (13) . In the pediatric population, the prevalence of NAFLD is only 2-3% but increases to 53% in the presence of obesity (14, 15) .
We studied the association of low birth weight with histologically assessed pediatric NAFLD to test the hypothesis that intrauterine growth retardation might be an additional factor responsible for metabolic liver disease in children via insulin resistance. (17) . Obesity was defined as BMI above the 97th percentile and overweight as BMI from the 85th to 97th percentile. The control group consisted of 90 children pair matched by age and sex, with normal liver scanning and liver function tests, selected among 200 consecutive subjects observed in the general pediatric department.
RESEARCH DESIGN AND METHODS
All children were born at term (Ն37 weeks). They were defined SGA or appropriate for gestational age when their weight at birth was, respectively, Յ10th and Ͼ10th percentile, corrected for gestational age, sex, and the local standard growth curve (18) . The study was approved by the ethics committee of the Bambino Gesù Children's Hospital.
RESULTS -Of 90 NAFLD children, 35 (38.9%) were classified as SGA, compared with 6.7% of control subjects (P Ͻ 0.0001). The prevalence of SGA in NAFLD was also approximately fourfold higher compared with the average SGA prevalence of children admitted to our pediatric department in the last decade (10%). Obesity and altered glucose regulation (American Diabetes Association criteria [19] ) were more common in NAFLD patients (Table 1) . Insulin resistance (20) , assessed by homeostasis model assessment of insulin resistance (21) and by the insulin sensitivity index derived from the oral glucose tolerance test (22), was very common in children with NAFLD, independent of obesity. SGA children with NAFLD had higher basal glucose and insulin levels and were more insulin resistant. The family history of metabolic diseases was not systematically different between groups, with the notable exception of type 2 diabetes in second-degree relatives.
In The main histological features of NALFD (steatosis, necro-inflammation, and fibrosis) were scored according to the Non-Alcoholic Steatohepatitis (NASH) Clinical Research Network proposal (23) and combined into the NAFLD activity score (NAS) (NAS Ն5, "NASH"; NAS Յ2, "non-NASH"; and NAS 3-4, "borderline"). Thirty-six patients (40%) met the criteria for NASH. After correction for age, sex, BMI, insulin resistance (both basal and postload), and the presence of pre-diabetes/diabetes, the risk of NAS Ͼ5 associated with SGA was highly significant (OR 3.45 [95% CI 1.20 -9.91]). Fibrosis was present in 56 cases (62%), but its presence (1.28 [0.53-3.09]) and severity (stage 3: 1.61 [0.22-11.96]) was not associated with SGA.
CONCLUSIONS -The major finding of the study is the association of pediatric NAFLD with intrauterine growth
retardation independent of and in addition to insulin resistance. SGA children with NAFLD represent a subset with a higher prevalence of both metabolic abnormalities and NASH, the most severe form of liver damage, independently of age, sex, BMI, and genetic inheritance.
Intrauterine growth has a strong independent effect on insulin resistance. The relative risk of metabolic syndrome in adulthood increases by 1.72 times for each tertile decrease in birth weight (24) . Insulin resistance probably appears early in the postnatal period, during the catch-up growth period, but the metabolic derangements are initially moderate (25) (26) (27) .
At an average age of 11 years, most of our study's subjects (80%) were insulin resistant, despite normal BMI and a very low prevalence of metabolic abnormalities. Insulin resistance in adipose tissue develops early during fetal growth restriction (5) and is maintained during the neonatal period and adulthood. NAFLD has been proposed as part of a generalized abnormality of the adipose tissue (28) known as lipotoxicity, leading to fat accumulation in ectopic sites, including muscle and liver, and to an altered pattern of circulating and intracellular adipokines (29) . This defect might stem from a combination of acquired and genetic factors. Notably, the family history of type 2 diabetes was less common in SGA NAFLD, suggesting that genetic factors have lower relevance in the onset of NAFLD in this cohort, counterbalanced by an adverse in utero environment favoring the future development of abnormal adipose tissue.
SGA was also associated with more severe disease activity at histology independently of age, sex, and insulin resistance. This confirms that factors known to affect insulin sensitivity may also independently contribute to liver disease progression (30) . Insulin-resistant states are characterized by chronic subclinical inflammation, and an imbalance in cytokine activity produced by dysfunctional fat cells may be the link between metabolic and liver disorders. In conclusion, intrauterine growth retardation is an important risk factor for pediatric NAFLD; careful monitoring of SGA children may be considered. 
